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Abstract

25
The mechanical behaviour of an energy pile in saturated clay under thermo-26 mechanical loading was studied using a model pile. Axial load was first applied to the 27 pile head in steps to determine the resistance of the pile under mechanical load. Number of tables: 0 40   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 64 65
Introduction
41
Energy piles are usually used in thermo-active foundations to transfer the mechanical load of 42 the building to the ground and to provide heat exchange between the same using a ground-43 source heat pump system (Brandl, 2006; de Moel et al., 2010; Brandl, 2013; Mimouni & 44 Laloui, 2014; Olgun et al., 2014) . Full-scale tests on the thermo-mechanical behaviour of 45 energy piles show that the temperature changes can modify stress and strain in the piles 46 (Laloui et al., 2003; Bourne-Webb et al., 2009; Amatya et al., 2012; McCartney & Murphy, 47 2012; Murphy et al., 2014; Wang et al., 2014) . Reduced-scale tests on energy piles in sand 48 show sometimes contradictory trends: their shaft resistance decreased in capacity after temperature on the mechanical behaviour of the piles is mainly related to its thermal 55 expansion/contraction (Laloui et al., 2006; Péron et al., 2011; Yavari et al., 2014a) .
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Experimental method
89
The experimental setup is presented in Figure 1 . This system is similar to that used in Yavari In Figure 4 , the load-settlement curves of the thermo-mechanical tests (F3 to F7), which The results of mechanical test F1 are presented in Figure 6 , where the pile head settlement 180 is plotted versus elapsed time for each loading step. That shows a quick settlement after the from the slope of each curve in Figure 5 , based on the French standard (Afnor, 1999).
185
Following this standard, for each loading step, the creep rate is calculated as the change of 186 pile head displacement between 2 and 60 min (of elapsed time) divided by log(60/2).
187
In Figure 7 , the creep rate is plotted versus the axial load for all the tests. Note that in tests 188 F1 and F2, the same procedure was followed (loading by steps), while in tests F3-F7, the The load and the temperature of the pile measured in tests F3 to F7 are plotted in Figure 8 . 198 As explained above, from its initial temperature (around 22°C) after mechanical loading, the The results of tests F3-F7 are shown in Figure 9 . Pile head settlement versus elapsed time is 212 shown in Figure 9 (a, c, e, g, i) for the whole test including mechanical loading, thermal cycle, It   228   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 11 settles when it is cooled. Under 100 N of axial load (Fig 8b) , the slope of the cooling branch is 229 close to that of the heating. This slope seems higher at higher pile head loads and looks 230 similar to the pile thermal expansion curve under 300 N (Fig 8f) . The pile heaves during the 231 second heating phase; the slopes of the two heating branches are almost equal.
232
For further analysis of the pile displacement, the axial displacement distribution was plotted 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 shown in Figure 6 , the settlement related to the creep during this period can be estimated. 
Discussion
273
The results obtained on the mechanical loading part (Figures 5 and 7 considering a cyclic strain hardening/softening mechanism at the soil/pile interface. In the present work, only one heating/cooling cycle was applied for each loading step.
319
Thermo-mechanical ratcheting was observed for all the tests. In addition, this settlement is 320 higher at a higher mechanical load. The mechanisms by which thermal cycles affect the pile 321 behaviour can be explained from the profile of axial displacement shown in Figure 10 . and is much more significant than that due to creep under isothermal conditions.
358
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